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(57) An apparatus for threading a fiber that is being 
continuously supplied by a supplying device (11) for 
winding on a spool, includes a collecting device (80), 
adjacent to the supplying device, that collects the fiber 
by urging the fiber from the supplying device (11) into 
the collecting device (80) to provide a tension (20) in the 
fiber between the supplying device and the collecting 
device, a positioning device (90) that engages the fiber, 
between the supplying device (11) and the collecting 
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device (80), with an engaging portion that allows the 
fiber to be continuously collected in the collecting device 
(80) and that moves from a position adjacent to the sup- 
plying device (11) and the collecting device (80) to a 
position adjacent to the spool (70,70') to move the fiber 
to at least one threading position, and a threading 
device that automatically threads the fiber at the at least 
one threading position onto the spool. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method and 
apparatus for automatically threading and winding a 
f iber on a spool and, more particularly, to a method and 
apparatus for automatically threading and winding an 
optical waveguide fiber on a spool as the optica! 
waveguide fiber is being drawn. 

Description of the Related Art 

Optical waveguide fibers (optical fibers) are a trans- 
mission medium used in optical communication sys- 
tems. Optical fibers are typically made by known 
methods that involve drawing the optical fibers from 
blanks in draw furnaces. Winding apparatus wind the 
optical fibers on spools as the optical fibers are being 
drawn. 

Conventional winding apparatus require an unde- 
sirable amount of manual intervention by an operator. 
For example, if an optical fiber breaks during winding, 
known single-spindle and multi-spindle winding appara- 
tus require manual rethreading of the winding apparatus 
by the operator. 

Also, since draw furnaces typically continue to pro- 
duce optical fiber regardless of whether the winding 
apparatus is winding the optical fiber, a significant 
amount of optical fiber will be lost if the winding appara- 
tus is not rethreaded quickly after a break or after a 
spool becomes full. The possibility of a delay in reth- 
reading is a disadvantage of both single-spindle and 
multi-spindle winding apparatus. It is a particularly sig- 
nificant problem tor single-spindle winding apparatus, 
however, because rethreading is always delayed at 
least until the operator removes the wound spool from 
the spindle and replaces it with an empty spool. 

These disadvantages of known winding apparatus 
have become even more pronounced with advances in 
technology that have made it possible to increase the 
drawing speed from seven meters per second to more 
than thirty meters per second. Delays in rethreading 
cause even more fiber loss at higher drawing speeds. 

Also, the higher drawing speeds have caused new 
problems to develop. Conventional winding apparatus, 
which were designed for low drawing speeds, may dam- 
age the optical fiber moving at high speeds. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
automated winding method and apparatus. 

Another object of the present invention is to provide 
a winding method and apparatus that rethread quickly 
to minimize the amount of lost optical fiber. 



Yet another object of the invention is to provide a 
winding method and apparatus that will not damage 
optical fiber moving at high speeds. 

Additional objects and advantages of the invention 

5 will be set forth in part in the description which follows, 
and in part will be obvious from the description, or may 
be learned by practice of the invention. 

To achieve the objects and in accordance with the 
purpose of the invention, as broadly described herein, 

10 the invention provides an improved method of position- 
ing, for threading, a broken fiber, which is being contin- 
uously supplied by a supplying device for winding on a 
spool. The method comprises the steps of collecting the 
fiber with a collecting device by urging the fiber from the 

75 supplying device into the collecting device to provide a 
tension in the fiber between the supplying device and 
the collecting device, the collecting device being located 
at a position that ensures that the collecting device will 
automatically collect the fiber from the supplying device 

20 after the fiber breaks, engaging the fiber between the 
supplying device and the collecting device with a posi- 
tioning device having an engaging portion that engages 
the fiber while allowing the fiber to be continuously col- 
lected in the collecting device, and moving the engaging 

25 portion to move the fiber to at least one threading posi- 
tion. 

The invention also provides an improved apparatus 
for positioning, for threading, a broken fiber, which is 
being continuously supplied by a supplying device for 

30 winding on a spool The apparatus comprises a collect- 
ing device that collects the fiber by urging the fiber from 
the supplying device into the collecting device to provide 
a tension in the fiber between the supplying device and 
the collecting device, the collecting device being located 

35 at a position that ensures that the collecting device will 
automatically collect the fiber from the supplying device 
after the fiber breaks, and a positioning device that 
engages the fiber, between the supplying device and 
the collecting device, with an engaging portion that 

40 allows the fiber to be continuously collected in the col- 
lecting device and that moves to move the fiber to at 
least one threading position. 

It is to be understood that both the foregoing sum- 
mary and the following detailed description are exem- 

45 plary and explanatory only and are not restrictive of the 
invention, as claimed. 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of this specification, illus- 
trate an embodiment of the invention and together 

so with the description, serve to explain the princi- 

ples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 FIG. 1 is a side view of a preferred embodiment of 
a winding apparatus according to the present invention, 
showing an optical fiber being wound on a first spool. 
FIG. 2 is a plan view of the winding apparatus of 
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FIG. 1 . 

FIG. 3 is a side view of the winding apparatus of 
FIG. 1 , showing the optical fiber in a first threading posi- 
tion. 

FIG. 4 is a plan view of the winding apparatus of 
FIG. 1 . showina the optical fiber being moved to the first 
threading position. 

FIG. 5 is a side view of the winding apparatus of 
FIG. 1, showing the optical fiber in a second threading 
position. 

FIG. 6 is a plan view of a portion of the winding 
apparatus taken along line 6-6 in FIG. 5, showing the 
optical fiber in the second threading position. 

FIG. 7 is a side view of a portion of the winding 
apparatus of FIG. 1, showing the optical fiber being 
threaded on the first spool. 

FIG. 8 is a plan view of a portion of the winding 
apparatus of FIG. 1 , showing the movement of a fiber 
guiding device. 

FIG. 9 is a plan view of a portion of the winding 
apparatus of FIG. 1 , showing the cooperation between 
a tensioning device and a distributor. 

FIG. 10 is a perspective view of an engaging por- 
tion of a positioning device of the winding apparatus of 
FIG. 1 . 

FIG. 1 1 is a perspective view of the fiber guiding 
device of the winding apparatus of FIG. 1 . 

FIG. 12 is a perspective view of the tensioning 
device of the winding apparatus of FIG. 1 . 

FIG. 13 is a perspective view of a portion of the dis- 
tributor of the winding apparatus of FIG. 1 . 

FIG. 14 is a perspective view of the distributor of the 
winding apparatus of FIG. 1 . 

FIGS. 15A-15C are schematic side views showing 
the transfer of the optical fiber from the first spool to a 
second spool in the winding apparatus of FIG. 1 . 

FIGS. 16A-16C are schematic side views showing 
the transfer of the optical fiber from the second spool to 
the first spool in the winding apparatus of FIG. 1 . 

FIGS. 17A-17D are plan views showing the 
engagement of the optical fiber by the engaging portion 
of the positioning device in the winding apparatus of 
FIG. 1 . 

FIG. 1 8 is a perspective view of a spindle assembly 
in the winding apparatus of FIG. 1 . 

FIG. 19 is a perspective view of the fiber guiding 
device and the spindle assembly in the winding appara- 
tus of FIG. 1 . 

FIG. 20 is a schematic diagram of a control system 
for the winding apparatus of FIG. 1 . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference will now be made in detail to the pres- 
ently preferred embodiment of the invention, an exam- 
ple of which is illustrated in the accompanying drawings. 
Wherever possible, the same reference numbers will be 
used throughout the drawings to refer to the same or 



like parts. 

A preferred winding apparatus 10 winds an optical 
fiber 14 that is continuously supplied by a supplying 
device 1 1 , namely, a draw furnace (not shown) and a 

5 belted capstan 12 that pulls the optical fiber from a 
blank in the draw furnace. The belted capstan 1 2 can be 
controlled by known means to control the speed at 
which the optical fiber is produced. Preferably, the opti- 
cal fiber is produced at speeds greater than thirty 

10 meters per second. 

The winding apparatus 10 includes components 
that are primarily used to wind the optical fiber, such as 
a tensioning and take-up speed control device 20 (here- 
inafter ^tensioning device"), a distributor 40, and first 

is and second spindle assemblies 68 and 68' that rotate 
first and second spools 70 and 70*. respectively. The 
apparatus also includes components that are primarily 
used to thread the optical fiber, such as a collecting 
device 80, a positioning device 90, and first and second 

20 ftoer guiding devices 100 and 100'. Of course, many of 
the winding components cooperate with the threading 
components during threading. 

The Winding Components 

25 

The tensioning device 20 tensions the optical fiber 
during winding and determines the difference between 
the speed at which the optical fiber is being supplied by 
the supplying device 1 1 and the speed at which the opti- 

30 cal f toer is being wound on a spool. As shown in FIG. 1 , 
the tensioning device 20 includes, in order along the 
fiber path, first, second, and third guiding members 
(preferably pulleys) 21 p 22, and 23 that guide the optical 
fiber. The third pulley 23 is mounted on a pivot member 

35 24, which is connected to a frame of the tensioning 
device 20 so as to allow the third pulley 23 to pivot about 
an axis A1 (FIGS. 9 and 12). The second pulley 22 is 
non-pivotable, but, when it is in the winding position 
shown in FIG. 1 , it is freely movable in a substantially 

40 vertical direction relative to the first and third pulleys 21 
and 23. The freely-movable second pulley 22 is forced 
downward by gravity and thereby provides substantially 
constant tension in the optical fiber during winding. 
A sensor 25 senses the vertical position of the sec- 

45 ond pulley. In the preferred embodiment, the sensor is a 
linear position sensor (part no. TTS-RBU01 95AC0B, 
Temposonics). The vertical position of the second pulley 
22 is used to determine the difference between the 
speed at which the optical fiber is being supplied by the 

so supplying device 1 1 and the speed at which the optical 
fiber is being wound on a spool. The vertical position of 
the second pulley 22 is also used to detect a break in 
the optical fiber, since the second pulley 22 will drop to 
the bottom of its run on the tensioning device 20 when 

55 the optical fiber breaks. 

A moving mechanism 26, preferably a rodless air 
cylinder, is provided to move the second pulley 22 rela- 
tive to the first and third pulleys 21 and 23 and into a 
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threading position (FIG. 3) for a threading operation that 
will be described later. 

The tensioning device 20 includes driving devices 
27, 28, and 29 (FIG. 1 2) that drive the first, second, and 
third pulleys 21, 22, and 23, respectively, at a speed 
(i.e., a tangential velocity on the surface of the pulley 
contacting the optical fiber) that is substantially the 
same as the speed of the optical fiber while threading 
the optical fiber on the pulleys 21 , 22, and 23 and while 
winding the optical fiber on the first and second spools 
70 and 70*. Driving the pulleys 21, 22, and 23 prevents 
damage to the optical fiber during the threading opera- 
tion and also provides better tension control during the 
winding operation. The driving devices 27, 28, and 29 
are preferably electric motors, because their speed can 
be accurately controlled. 

The distributor 40 distributes the optical fiber onto 
one of the first and second spools 70 and 70* during 
winding. The distributor 40 includes, in order along the 
fiber path, first and second distributor guiding members 
41 and 42 that guide the optical fiber, in the preferred 
embodiment, the first and second distributor guiding 
members 41 and 42 are pulleys. The first pulley 41 is 
mounted on a pivot member 43. which is connected to a 
support member 60 of the distributor 40 so as to allow 
the first pulley 41 to pivot about an axis A2 (FIGS. 9 and 
13). The second pulley 42 is non-pivotable and is main- 
tained in an orientation substantially perpendicular to 
the rotational axes R1 and R2 of the first and second 
spools 70 and 70*, as shown in FIG. 9. 

As shown in FIG. 14, first and second moving 
mechanisms 44 and 45 are provided to move the first 
and second pulleys 41 and 42, respectively. The first 
moving mechanism 44 preferably includes a rodless air 
cylinder 46 that drives a mounting member 47, upon 
which the first pulley 41 is mounted, along rods 48. The 
air cylinder 46 moves the first pulley 41 from the winding 
position shown in FIG. 1 to the threading position shown 
in FIG. 3, for a threading operation that will be explained 
later. As shown in FIG. 14, the path of movement of the 
first pulley 41 is angled slightly relative to the path of 
movement of the second pulley 42, to allow the first pul- 
ley 41 to move past the second pulley 42 without the two 
pulleys coming into contact. 

The second moving mechanism 45 preferably 
includes a standard air cylinder 49 that drives a mount- 
ing member 50, upon which the second pulley 42 is 
mounted, so that rods 51 fixed to the mounting member 
50 slide through a base member 52. The air cylinder 49 
moves the second pulley 42 between a position in which 
the second pulley 42 is disposed for threading the opti- 
cal fiber onto the distributor 40 (FIG. 3) and for thread- 
ing and winding the optical fiber onto the first spool 70 
(FIG. 16C) and a position in which the second pulley 42 
is disposed for threading and winding the optical fiber 
onto the second spool 70* (FIG. 15C), as will be 
explained later. 

Driving devices 53 and 54 (FIGS. 13 and 14) drive 



the first and second pulleys 41 and 42 at a speed that is 
substantially the same as a speed of the optical fiber 
while threading the optical fiber on the first and second 
pulleys 41 and 42 and while winding the optical fiber on 

5 the first and second spools 70 and 70*. The driving 
devices 53 and 54 are preferably electric motors. 

As shown in FIG. 9, a moving mechanism 58 moves 
the distributor 40 substantially parallel to the rotational 
axes R1 and R2 of the first and second spools 70 and 

10 70* to position the distributor 40 for threading and to dis- 
tribute the optical fiber during winding. In the preferred 
embodiment, the moving mechanism 58 includes a 
slide (part no. 506201 ET-LH-MP, Daedal Division of 
Parker Hannifin Corporation) having a table 62, a nut 59 

is that is mounted on the underside of the support mem- 
ber 60 of the distributor 40, and a lead screw 63 that is 
threaded through the nut 59. The moving mechanism 
58 also includes a motor 61, which is mounted on the 
table 62 and rotates the lead screw 63 to force the nut 

20 59 to move along the lead screw 63, thereby causing 
the support member 60 of the distributor 40 to slide 
along the table 62. 

At high fiber speeds, such as thirty meters per sec- 
ond, the optical fiber will be damaged if it must slide 

25 across a surface, such as the side of a guide path 
(groove) of a pulley. If the third pulley 23 of the tension- 
ing device 20 and the first pulley 41 of the distributor 40 
were not pivotable, the movement of the distributor 40 in 
the direction parallel to the rotational axes R1 and R2 

30 during winding would cause the third pulley 23 and the 
first pulley 41 to become offset or misaligned. Pulleys 
are considered misaligned when the optical fiber enters 
a groove of at least one of the pulleys at an angle rela- 
tive to a line tangential to the apex of the groove at the 

35 point of initial contact between the optical fiber and the 
groove. This misalignment would force the moving opti- 
cal fiber to slide across sides of the grooves of the third 
pulley 23 and the first pulley 41 , thus damaging the opti- 
cal fiber. 

40 Accordingly, the third pulley 23 and the first pulley 
41 are mounted so as to be pivotable, as described 
above, and the pivoting pulleys 23 and 41 are con- 
nected by a telescoping linkage 65 to maintain a prede- 
termined alignment therebetween. The telescoping 

45 linkage 65 is connected to the pivot member 24 of the 
third pulley 23 (FIG. 12) and the pivot member 43 of the 
first pulley 41 (FIG. 13). As shown in FIG. 9, the tele- 
scoping linkage 65 connects the pivoting pulleys 23 and 
41 so that they stay aligned throughout the movement of 

so the distributor 40. With the pivoting pulleys 23 and 41 
maintained in this predetermined alignment, the optical 
fiber, as it is moving between the pulleys 23 and 41, will 
not be forced to slide across the sides of the grooves of 
those pulleys. 

55 However, pivoting the pulley 23 may cause it to 
become misaligned with the pulley 22, and pivoting the 
pulley 41 may cause it to become misaligned with the 
pulley 42. Thus, the pivoting movements of pulleys 23 
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and 41 may force the optical fiber, as it is moving 
between pulleys 22 and 23 and between pulleys 41 and 
42, to slide across the sides of the grooves of those pul- 
leys and become damaged. 

Accordingly, the present invention has been 
designed to prevent such misalignment during pivoting. 
More particularly, as shown in FIGS. 1 and 12, the sec- 
ond pulley 22 and the third pulley 23 are initially placed 
in alignment by having each of their grooves disposed 
substantially on a first line (axis A1). Specifically, the 
groove of the third pulley 23 is disposed directly on the 
first line, and the groove of the second pulley 22 is offset 
about 3/8 of an inch from the first line (this offset allows 
the second pulley 22 to move vertically past the third 
pulley 23 without the two pulleys coming into contact). 
The present invention maintains this alignment by pivot- 
ing the third pulley 23 about axis A1, such that the 
groove of the third pulley 23 remains on the first line dur- 
ing pivoting. Similarly, as shown in FIGS. 1 and 13, to 
enable the first pulley 41 of the distributor 40 to pivot 
without damaging the optical fiber, the first pulley 41 and 
the second pulley 42 are arranged to each have their 
groove disposed substantially on a second line (axis 
A2), and the first pulley 41 is pivoted about axis A2. 

The first and second spindle assemblies 68 and 68' 
rotate the first and second spools 70 and 70', respec- 
tively, for threading and winding. The first and second 
spindle assemblies 68 and 68' are substantially the 
same, except the second spindle assembly 68' is 
inverted relative to the first spindle assembly 68. 
Accordingly, only the first spindle assembly 68 will be 
described in detail. 

The first spindle assembly includes a first spindle 
(only partially shown) that supports the first spool 70 
such that they are joined for rotation. The first spindle is 
driven by a motor 71 (FIG. 19) to rotate the first spool 
70. As shown in FIG. 18, the first spindle has a flange 
72, adjacent to the first spool 70. A first threading device 
73 is mounted on the flange 72. In the preferred embod- 
iment, the first threading device 73 is a snag tooth. 

A housing 74 surrounds substantially the entire first 
spool 70 to provide whip protection and to provide oper- 
ator safety. The housing 74 has a winding slot 75 
extending substantially parallel to a rotational axis R1 of 
the first spool 70. The optical fiber from the distributor 
40 is wound onto the first spool 70 through the winding 
slot 75. The housing 74 also has a threading slot 76 that 
extends in a plane transverse to the rotational axis R1 of 
the first spool 70. The threading slot 76 includes a snag- 
ging portion 76A that extends substantially parallel to 
the rotational axis R1 of the first spool 70. The threading 
slot 76 is used in the threading operation, which will be 
described later. 

The Threading Components 

The collecting device 80 preferably includes an 
aspirator 82 (model no. HS-18, Enka-Tecnica) that col- 



lects the optical fiber from the supplying device 1 1 . The 
aspirator 82 is powered by compressed air delivered at 
a variable pressure ranging from 0 to 180 pounds per 
square inch, based on the speed at which the optical 
5 fiber is being supplied by the supplying device 11, to 
suck in the optical fiber and to provide a tension of pref- 
erably about 40 grams in ine upiiuai fiber muviny 

between the supplying device 11 and the aspirator 82. 
The collecting device 80 has a frame 84 supporting the 
w aspirator 82 that is connected to a collection hose 82A. 
A photoelectric sensor 81 . which is disposed in the col- 
lection hose 82A about six feet from the entrance of the 
aspirator 82, detects when the optical fiber is being col- 
lected. 

75 The aspirator 82 is located in the vicinity of the 
belted capstan 12 of the supplying device 1 1. A moving 
mechanism 83, preferably a rodless air cylinder, is pro- 
vided to move the aspirator 82 relative to the belted cap- 
stan 12 to the retracted and extended positions shown 

20 in FIGS. 1 7A and 1 7B, respectively. Extending the aspi- 
rator 82 toward the belted capstan 1 2 places the aspira- 
tor 82 near the anticipated path of the optical fiber 
emerging from the belted capstan 12 and, thus, at a 
position that ensures that the aspirator 82 will automati- 
cs cally collect the optical fiber when a break occurs. 

A guiding member 85, preferably a roller, is pro- 
vided adjacent to the aspirator 82 and within the frame 
84. The roller 85 provides a rolling surface that guides 
the optical fiber moving between the aspirator 82 and 

30 the positioning device 90 such that the optical fiber 
enters the aspirator 82 without dragging across a fixed 
surface. A moving mechanism 86, preferably an air cyl- 
inder, is provided to move the roller 85 relative to the 
aspirator 82 to the retracted and extended positions 

35 shown in FIGS. 17A and 17C, respectively. A driving 
device 37, preferably an electric motor, drives the roller 
85 at a speed that is substantially the same as a speed 
of the optical fiber. 

The positioning device 90 takes the optical fiber 

40 moving between the supplying device 11 and the aspi- 
rator 82 and moves it to various threading positions. The 
positioning device 90 includes a thread arm 91 with an 
engaging portion 92 disposed thereon. 

The engaging portion 92 is capable of engaging the 

45 optical fiber to guide it, while allowing the optical fiber to 
be continuously collected by the aspirator 82. The 
engaging portion 92 includes a primary idler roller 93 
and two secondary idler rollers 94 and 94' disposed 
substantially perpendicularly to the roller 93 (FIG. 10). 

so The roller 93 engages and guides the optical fiber when 
it is being moved back toward the first and second 
spools 70 and 70', and the rollers 94 and 94' engage 
and guide the optical fiber when it is being threaded on 
the first and second spools 70 and 70', respectively, as 

55 will be explained later in connection with the threading 
operations. 

A moving mechanism 95 moves the thread arm 91 , 
and thus the engaging portion 92, in a first direction 
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toward the first and second spools 70 and 70' and in a 
second direction transverse to the first direction, as 
shown in FIG. 4. The moving mechanism 95 includes a 
longitudinal track 96 and a transverse track 97. The 
transverse track 97 is moved along the longitudinal track 
96 in the first direction by a belt connected to the trans- 
verse track 97 and extending around an idler roller and 
a. motor driven roller disposed at opposite ends of the 
longitudinal track 96 (not shown). The thread arm 91 is 
moved along the transverse track 97 in the second 
direction by a belt connected to the thread arm 91 and 
extending around an idler roller and a motor driven roller 
disposed at opposite ends of the transverse track 97 
(not shown). 

The first and second fiber guiding devices 1 00 and 
100' guide the optical fiber into position for threading 
onto the first and second spools 70 and 70\ respec- 
tively. The first and second fiber guiding devices 100 
and 100' are substantially the same, except the second 
fiber guiding device 100* is inverted relative to the first 
fiber guiding device 100. Accordingly, only the first fiber 
guiding device 100 will be described in detail. 

As shown in FIG. 11, the first fiber guiding device 

100 preferably includes a pulley 101 rotatably mounted 
on a support component 102, which is movably 
mounted on a base member 103. A driving device 107, 
preferably an electric motor, drives the pulley 101 at a 
speed that is substantially the same as a speed of the 
optical fiber. 

A moving mechanism 104 includes an air cylinder 
105 that moves the pulley 101 substantially parallel to 
the rotational axis R1 of the first spool 70. The air cylin- 
der 105 moves the pulley 101 to the retracted and 
extended positions shown in FIGS. 6 and 8, respec- 
tively. 

The moving mechanism 104 also moves the pulley 

101 along a substantially arcuate path extending in a 
plane transverse to the rotational axis R1 of the first 
spool 70. The moving mechanism 104 includes a sub- 
stantially arcuate track 106 along which the base mem- 
ber 103 is moved by a belt connected to the base 
member 103 and extending around an idler roller and a 
motor driven roller disposed at opposite ends of the 
track 106 (not shown). As will be explained in connec- 
tion with the threading operations, moving the pulley 
1 01 along this arcuate path causes it to engage the opti- 
cal fiber in a threading position and move the optical 
fiber toward the rotational axis R1 for threading the opti- 
cal fiber onto the first spool 70. 

The Threading Operations 

One threading operation involves taking optical 
fiber that is being collected by the aspirator 82 and 
threading it onto the winding apparatus 1 0. The aspira- 
tor 82 collects the optical fiber in at least two situations, 
namely, at the beginning of a draw and when the optical 
fiber breaks during a draw. 



At the beginning of a draw, an operator uses a rela- 
tively small vacuum cleaner to collect the optical fiber 
emerging from the belted capstan 12. When the speed 
of the optical fiber emerging from the belted capstan 12 
5 exceeds seven meters per second, the aspirator 82 is 
activated (compressed air is provided) and the operator 
breaks the optical fiber and almost simultaneously 
inserts it into the aspirator 82, which begins collecting 
the optical fiber. 

10 When the optical fiber breaks during a draw, the 
second pulley 22 of the tensioning device 20 drops to 
the bottom of its run on the tensioning device 20, and 
the break is automatically detected. The aspirator 82 is 
then automatically activated and moved toward the 

75 belted capstan 12 of the supplying device 1 1 (FIG. 1 7B) 
by the air cylinder 83 to begin collecting the optical fiber. 

In both situations, once the optical fiber is being col- 
lected by the aspirator 82, the threading operation pro- 
ceeds automatically as described below. 

20 When the sensor 81 in the collection hose 82A 
detects that optical fiber is being collected, the distribu- 
tor 40 moves to a first position for threading shown in 
FIG. 2, and the air cylinders 26 and 46 move the second 
pulley 22 of the tensioning device 20 and the first pulley 

25 41 of the distributor 40, respectively, to their threading 
positions shown in FIG. 3. The motors 27, 28, 29, 53, 
and 54 begin rotating the pulleys 21 , 22, 23, 41 , and 42 
at the same speed as the optical fiber (the speed of the 
optical fiber is determined based on the speed of the 

30 belted capstan 1 2). One of the spindles 68 and 68' also 
begins rotating the corresponding one of the first and 
second spools 70 and 70* at a speed 0.2 meters per 
second faster than the speed of fiber being supplied by 
the supplying device 1 1. 

35 The aspirator 82 is then moved away from the 
belted capstan 12 by the air cylinder 83 to the retracted 
position shown in FIG. 1 7C. The engaging portion 92 of 
the positioning device 90 is simultaneously moved 
inward by the moving mechanism 95 from the position 

40 shown in FIG. 1 7B to the position shown in FIG. 1 7C. As 
a consequence, the roller 93 engages the optical fiber 
moving between the belted capstan 1 2 and the aspira- 
tor 82, as shown in FIG. 17C. The optical fiber extends 
between, but does not engage, the rollers 94 and 94'. 

45 The roller 85, which is being rotated at the speed of 
the optical fiber by the motor 87, is then moved to its 
extended position (FIG. 17C) by the air cylinder 86 to 
engage and guide the optical fiber moving between the 
roller 93 and the aspirator 82. 

so As shown in FIG. 4, the moving mechanism 95 
moves the engaging portion 92 from position A, where it 
engages the optical fiber, to an outward position B by 
moving in the first direction toward the first and second 
spools 70 and 70' and then moving in the second direc- 

55 tion transverse to the first direction. Once at the outward 
position B, the engaging portion 92 can continue to 
move in the first direction without contacting the spindle 
assemblies 68 and 68'. After the engaging portion 92 
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has passed the spindle assemblies 68 and 68', it is 
moved in the direction opposite to the second direction 
to a position C (a first position of the engaging portion) 
to dispose the optical fiber in the first threading position, 
where it continues to be supplied by the supplying 5 
device 1 1 , guided by the roller 93 and the roller 85, and 

The optical fiber in the first threading position is 
spaced substantially equidistantly from the first and sec- 
ond spools 70 and 70' (FIG. 3), is disposed substantially 10 
in the middle of each of the spools (FIG. 4), and extends 
substantially perpendicularly to a line extending 
between the rotational axes R1 and R2 of the spools. As 
shown in FIG. 3, the optical fiber in the first threading 
position extends between the second pulley 22, which is 15 
in its threading position, and the first and third pulleys 21 
and 23 of the tensioning device 20. The optical fiber 
also extends between the first pulley 41 , which is in its 
threading position, and the second pulley 42 of the dis- 
tributor 40. 20 

The air cylinder 26 then allows the second pulley 22 
of the tensioning device 20 to drop down to its winding 
position shown in FIG. 5, which causes the second pul- 
ley 22 to engage the optical fiber and pull it down onto 
the first and third pulleys 21 and 23, consequently 25 
threading the optical fiber onto the tensioning device 20. 
Also, the air cylinder 46 moves the first pulley 41 of the 
distributor 40 down to its winding position shown in FIG. 
5, which causes the first pulley 41 to engage the optical 
fiber and pull it down onto the second pulley 42, conse- 30 
quently threading the distributor 40. 

The engaging portion 92 and the distributor 40 are 
then moved from respective first positions (FIG. 4) to 
respective second positions (FIG. 6), in which the opti- 
cal fiber is in a second threading position for threading 35 
onto one of the first and second spools 70 and 70'. 

The circumstances determine the particular spool 
on which the optical fiber will be threaded. For example, 
if the optical fiber breaks while winding on the first spool 
70, it will be threaded onto the empty second spool 70', 40 
and the partially-wound first spool 70 will subsequently 
be removed. 

Since the threading operation is the same for both 
the first and second spools 70 and 70', it will be 
described only in conjunction with the first spool 70. 45 

As the optical fiber is moved to the second thread- 
ing position, the moving mechanism 104 begins moving 
the first fiber guiding device 100 upward along the arcu- 
ate track 106 in the direction shown in FIG. 5. While the 
first fiber guiding device 100 is moved upward along the so 
arcuate track 106, the motor 1 07 begins rotating the pul- 
ley 101 at the same speed as the optical fiber, and the 
pulley 101 is maintained in the retracted position by the 
air cylinder 105 so that the pulley 101 cannot engage 
the optical fiber. When the pulley 1 01 reaches the posi- 55 
tion shown in FIG. 6, the air cylinder 105 moves the pul- 
ley 101 parallel to the rotational axis R1 of the first spool 
70 to the extended position shown in FIG. 8, at which 



the pulley 101 is capable of engaging the optical fiber. 
The pulley 101 is thus disposed on a side of the optical 
fiber away from the first spool 70, as shown in FIG. 5. 

The moving mechanism 104 moves the rotating 
pulley 101 back along the arcuate track 106, as shown 
in FIG. 7, to engage the optical fiber in the second 
in reading posrtion and puii it down xowara the roiauonai 
axis R1 of the first spool 70. As the pulley 101 pulls the 
optical fiber downward, the optical fiber slides off the 
roller 93 of the engaging portion 92 and onto the roller 
94. As the pulley 101 continues to move along the arcu- 
ate track 106, it guides the optical fiber into the thread- 
ing slot 76, as shown in FIG. 1 9, until the optical fiber is 
disposed substantially tangential to a barrel of the first 
spool 70 and is slightly wrapped around the barrel of the 
first spool 70, as shown in FIG. 7. 

As shown in FIG. 19, the air cylinder 105 then 
moves the pulley 101 substantially parallel to the rota- 
tional axis R1 of the first spool 70 to its retracted posi- 
tion. This movement pulls the optical fiber into the 
snagging portion 76A of the threading slot 76 and near 
the flange 72 of the rotating spindle, which allows the 
snag tooth 73 (FIG. 18) to take the optical fiber by simul- 
taneously gripping the optical fiber and cutting it 

The gripped portion of the optical fiber is threaded 
onto the barrel of the first spool 70, which is moving at a 
speed that is 0.2 meters per second faster than the 
speed of the optical fiber. This speed overdrive causes 
the pulley 22 of the tensioning device 20 (FIG. 1) to rise 
into a control zone when the optical fiber is threaded 
onto the first spool 70. The speed at which the optical 
fiber is pulled by the first spool 70 is determined by the 
speed of the barrel of the first spool 70 and not by the 
speed of the snag tooth 73, which is disposed outwardly 
of the barrel of the first spool 70 and thus is moving 
faster. Therefore, the first spool 70 is threaded without 
unduly jerking the optical fiber. 

The cut or loose portion of the optical fiber is 
sucked into the aspirator 82, and the winding operation 
proceeds automatically. 

Another threading operation involves taking the 
optical fiber that is being wound on one spool and trans- 
ferring it to the other spool. This may be desirable, for 
example, when optical fiber has been wound on the one 
spool to a desired extent, such as when the one spool is 
full. The winding apparatus 10 can determine how much 
optical fiber has been wound on a spool by monitoring 
the revolutions of the belted capstan 12. 

When the optical fiber has been wound on the sec- 
ond spool 70* to a desired extent, the moving mecha- 
nism 58 moves the distributor 40 parallel to the 
rotational axis R2 of the second spool 70' to the position 
shown in FIG. 6, while the second spool 70' continues to 
wind the optical fiber. The air cylinder 49 then moves the 
second pulley 42 of the distributor 40 from the threading 
and winding position for the second spool 70' (FIG. 1 6A) 
to the threading and winding position for the first spool 
70 (FIG. 16B), to dispose the optical fiber in a first spool 
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transfer position. The optical fiber in the first spool trans- 
fer position is disposed such that it can be engaged by 
the pulley 101 of the first fiber guiding device 100. 

As the optical fiber is moved to the first spool trans- 
fer position, the moving mechanism 104 begins moving 
the first fiber guiding device 1 00 upward along the arcu- 
ate track 106. While the first fiber guiding device 100 is 
moved upward along the arcuate track 106, the motor 
1 07 (FIG. 1 1 ) begins rotating the pulley 1 01 at the same 
speed as the optical fiber, and the pulley 101 is main- 
tained in the retracted position by the air cylinder 105 so 
that the pulley 101 cannot engage the optical fiber. 
When the pulley 101 reaches the position shown in FIG. 
16B, the air cylinder 105 moves the pulley 101 parallel 
to the rotational axis R1 of the first spool 70 to its 
extended position, at which the pulley 101 is capable of 
engaging the optical fiber. The pulley 101 is thus dis- 
posed on a side of the optical fiber away from the first 
spool 70. 

The moving mechanism 104 moves the rotating 
pulley 101 back along the arcuate track 106, to engage 
the optical fiber in the first spool transfer position and 
pull it down toward the rotational axis R1 of the first 
spool 70, as shown in FIG. 16C. As the pulley 101 
moves along the arcuate track 106, it guides the optical 
fiber into the threading slot 76, as shown in FIG. 19. 

As also shown in FIG. 19, the air cylinder 105 then 
moves the pulley 101 substantially parallel to the rota- 
tional axis R1 of the first spool 70 to its retracted posi- 
tion. This movement pulls the optical fiber into the 
snagging portion 76A of the threading slot 76 and near 
the flange 72 of the rotating spindle, which allows the 
snag tooth 73 (FIG. 1 8) to take the optical f foer by simul- 
taneously gripping the optical fiber and cutting it. The 
cut portion of the optical fiber is wound onto the second 
spool 70'. The gripped portion of the optical fiber is 
threaded onto the spool 70, and the winding operation 
proceeds automatically. 

Similarly, when the optical fiber has been wound on 
the first spool 70 to a desired extent, the moving mech- 
anism 58 moves the distributor 40 parallel to the rota- 
tional axis R1 of the first spool 70 to the position shown 
in FIG. 6, while the first spool 70 continues to wind the 
optical fiber. The air cylinder 49 then moves the second 
pulley 42 of the distributor 40 from a threading and 
winding position for the first spool 70 (FIG. 15A) to a 
threading and winding position for the second spool 70' 
(FIG. 1 5B), to dispose the optical fiber in a second spool 
transfer position. The optical fiber in the second spool 
transfer position is disposed such that it can be 
engaged by the pulley 101', which is rotatably mounted 
on a support component 102' of the second fiber guid- 
ing device 100', as the pulley 101* is moved by a moving 
mechanism 104*. Although the second fiber guiding 
device 100' is inverted relative to the first fiber guiding 
device 100, it works in the same way to thread the opti- 
cal fiber at the second spool transfer position onto the 
second spool 70', as shown in FIGS. 15B and 15C. 



A control system for controlling the winding appara- 
tus 10 to perform the above-mentioned threading and 
winding operations is shown in FIG. 20. The control sys- 
tem includes a programmable logic controller 120, 

s which controls the sequence of events, monitors all of 
the sensors 121 (such as sensors 25 and 81), controls 
all of the air cylinders 122 (such as air cylinders 26, 46, 
and 49), and communicates with a motion control com- 
puter 124. The motion control computer 124 controls 

10 and monitors the moving mechanism 95 for the position- 
ing device 90, the moving mechanisms 104 and 104" for 
the first and second fiber guiding devices 100 and 10Q\ 
the draw downfeed 125, the belted capstan 12, the mov- 
ing mechanism 58 for the distributor 40, and the first 

is and second spindle assemblies 68 and 68'. 

It will be apparent to those skilled in the art that var- 
ious modifications and variations can be made in the 
method and apparatus of the present invention without 
departing from the scope or spirit of the invention. For 

20 example, although a preferred embodiment has been 
described with reference to the winding of optical fibers, 
certain aspects of the invention may be applied to the 
winding of fibers of other suitable materials. 

Other embodiments of invention will be apparent to 

25 those skilled in the art from consideration of the specifi- 
cation and practice of the invention disclosed herein. It 
is intended that the specification and examples be con- 
sidered as exemplary only, with a true scope and spirit 
of the invention being indicated by the following claims. 

30 

Claims 

1. A method of positioning, for threading, a broken 
fiber, which is being continuously supplied by a sup- 

35 plying device for winding on a spool, the method 
comprising the steps of: 

collecting the fiber with a collecting device by 
urging the fiber from the supplying device into 

40 the collecting device to provide a tension in the 

fiber between the supplying device and the col- 
lecting device, the collecting device being 
located at a position that ensures that the col- 
lecting device will automatically collect the fiber 

45 from the supplying device after the fiber 

breaks; 

engaging the fiber between the supplying 
device and the collecting device with a position- 
ing device having an engaging portion that 
50 engages the fiber while allowing the fiber to be 

continuously collected in the collecting device; 
and 

moving the engaging portion to move the fiber 
to at least one threading position. 

55 

2. The method of Claim 1 , wherein the fiber is an opti- 
cal fiber. 
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3. The method of Claim 2, wherein the supplying 
device supplies the optical fiber at a speed of at 
least 30 meters per second. 

4. The method of Claim 1 , wherein the step of collect- s 
ing the fiber includes moving the collecting device 
from a reiraciea position lowara a pain ot tne oro- 
ken fiber when a break in the fiber is detected. 

5. The method of Claim 1 , wherein the step of collect- w 
ing the fiber includes activating the collecting device 
when a break in the fiber is detected. 

6. The method of Claim 1 , wherein the step of collect- 
ing the fiber includes detecting the fiber in the col- is 
letting device. 

7. The method of Claim 1 , further comprising the step 
of guiding the fber between the collecting device 
and the positioning device with a guiding member. 20 

8. The method of Claim 7, further comprising the step 
of driving the guiding member, with a driving device, 
at a speed that is substantially the same as a speed 

of the fiber. 25 

9. The method of Claim 7, further comprising the step 
of moving the guiding member relative to the col- 
lecting device. 

30 

10. The method of Claim 1, wherein the step of moving 
the engaging portion includes moving the engaging 
portion in a first direction toward the spool and a 
second direction transverse to said first direction. 

35 

11. The method of Claim 1, wherein the engaging por- 
tion moves the fiber to a first threading position, and 
further comprising the step of threading the f toer in 
the first threading position onto a tensioning device 
that tensions the fiber to be wound on the spool. 40 

12. The method of Claim 11, wherein the step of 
threading the fiber onto the tensioning device 
includes moving guiding members of the tensioning 
device from a winding position to a position in which 45 
the fiber in the first threading position is disposed 
between the guiding members, and returning the 
guiding members to the winding position. 

13. The method of Claim 12, wherein the step of so 
threading the fiber onto the tensioning device 
includes driving the guiding members, with driving 
devices, at a speed that is substantially the same 

as a speed of the fiber while threading the fiber on 
the guiding members. 55 

14. The method of Claim 13, further comprising the 
steps of threading the fiber on the spool, winding 



the fiber on the spool, and driving the guiding mem- 
bers, with the driving devices, at a speed that is 
substantially the same as a speed of the fiber while 
winding the fiber on the spool. 

15. The method of Claim 12, further comprising the 
steps ot threading the fiber on the spool, winding 

-the fiber on the spool, and detecting a position of 
one of the guiding members to determine a differ- 
ence between a speed at which the fiber is being 
supplied by the supplying device and a speed at 
which the fiber is being wound on the spool and to 
detect when the fiber has broken. 

16. The method of Claim 1, wherein the engaging por- 
tion moves the fiber to a first threading position, and 
further comprising the step of threading the fiber in 
the first threading position onto a distributor that 
distributes the fiber to be wound on the spool. 

17. The method of Claim 16, wherein the step of 
threading the fiber onto the distributor includes 
moving first and second distributor guiding mem- 
bers from a winding position to a position in which 
the fiber in the first threading position is disposed 
between the first and second distributor guiding 
members, and returning the first and second dis- 
tributor guiding members to the winding position. 

18. The method of Claim 17, wherein the step of 
threading the fiber onto the distributor includes driv- 
ing the first and second distributor guiding mem- 
bers, with driving devices, at a speed that is 
substantially the same as a speed of the fiber while 
threading the fiber on the first and second distribu- 
tor guiding members. 

19. The method of Claim 18, further comprising the 
steps of threading the fiber on the spool, winding 
the fiber on the spool, and driving the first and sec- 
ond distributor guiding members, with the driving 
devices, at a speed that is substantially the same 
as a speed of the fber while winding the fiber on the 
spool. 

20. The method of Claim 16, further comprising the 
steps of moving the engaging portion of the posi- 
tioning device and the distributor from respective 
first positions, in which the engaging portion main- 
tains the fiber in the first threading position and the 
distributor is disposed for threading, to respective 
second positions, in which the engaging portion 
and distributor maintain the fiber in a second 
threading position for threading the fiber onto the 
spool. 

21. The method of Claim 20, further comprising the 
step of threading the fiber in the second threading 



ONSDCCID- <EP__ 0973SS2A1 I > 



17 



EP 0 873 962 A1 



18 



position onto the spool by moving a fiber guiding 
device to engage the fiber at the second threading 
position and to move the fiber to thread the fiber 
onto the spool. 

22. The method of Claim 21, wherein the step of 
threading the fiber onto the spool includes moving 

. the fiber guiding device to move the fiber toward a 
rotational axis of the spool, and taking the fiber from 
the fiber guiding device with a threading device that 
threads the fiber on the spool. 

23. The method of Claim 22, wherein the fiber guiding 
device is moved along a substantially arcuate path. 

24. The method of Claim 22, wherein the step of 
threading fiber onto the spool includes moving the 
fiber guiding device substantially parallel to the 
rotational axis of the spool to allow the threading 
device to take the fiber. 

25. The method of Claim 21, wherein the step of 
threading fiber onto the spool includes driving the 
fiber guiding device, with a driving device, at a 
speed that is substantially the same as a speed of 
the fiber. 

26. The method of Claim 1, further comprising the 
steps of: 

threading the fiber onto a tensioning device 
that tensions the fiber to be wound on the spool 
and that has a non-pivotable guiding member 
and a pivotable guiding member; 
threading the fiber onto a distributor that dis- 
tributes the fiber to be wound on the spool and 
that has a first distributor guiding member and 
a second distributor guiding member; 
guiding the fiber with the non-pivotable guiding 
member by disposing the fiber in a guide path 
of the non-pivotable guiding member disposed 
substantially on a first line; 
guiding the fiber with the pivotable guiding 
member by disposing the fiber in a guide path 
of the pivotable guiding member disposed sub- 
stantially on the first line; 
changing a direction of feeding of the fiber by 
pivoting the pivotable guiding member about an 
axis that is defined by the first line; 
guiding the fiber from the pivotable guiding 
member with the first distributor guiding mem- 
ber by disposing the fiber in a guide path of the 
first distributor guiding member disposed sub- 
stantially on a second line; 
guiding the fiber onto the spool with the second 
distributor guiding member by disposing the 
fiber in a guide path of the second distributor 
guiding member disposed substantially on the 



second line; 

moving the distributor substantially parallel to a 
rotational axis of the spool to distribute fiber on 
the spool; and 

5 pivoting the first distributor guiding member 

about an axis that is defined by the second line 
as the distributor moves to distribute fiber. 

27. The method of Claim 26, further comprising the 
10 step of maintaining a predetermined alignment 

between the pivotable guiding member and the first 
distributor guiding member. 

28. The method of Claim 1 , further comprising the step 
is of threading the fiber onto one of first and second 

spools. 

29. The method of Claim 28, wherein the engaging por- 
tion moves the fiber to a first threading position 

20 between the first and second spools. 

30. The method of Claim 29, wherein the fiber in the 
first threading position extends substantially per- 
pendicularly to a line extending between a rota- 

25 tional axis of the first spool and a rotational axis of 
the second spool. 

31. The method of Claim 28, further comprising the 
steps of: 

30 

threading the fiber in the first threading position 
onto a distrfoutor that distributes the fiber to be 
wound onto one of the first and second spools; 
and 

35 moving the engaging portion of the positioning 

device and the distributor from respective first 
positions, in which the engaging portion main- 
tains the fiber in the first threading position and 
the distributor is disposed for threading, to 

40 respective second positions, in which the 

engaging portion and distributor maintain the 
fiber in a second threading position for thread- 
ing the fiber onto one of the first and second 
spools. 

45 

32. The method of Claim 31 , wherein the fiber is being 
wound on one of the first and second spools and 
then breaks, further comprising the steps of: 

so when the fiber was being wound on the second 

spool before breaking, threading the fiber onto 
the first spool by disposing a first fiber guiding 
device on a side of the fiber, at the second 
threading position, away from the first spool, 

55 moving the first fiber guiding device to engage 

the fiber and move the fiber toward a rotational 
axis of the first spool, and taking the fiber from 
the first fiber guiding device with a first thread- 
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ing device that threads the fiber on the first 
spool; and 

when the fiber was being wound on the first 
spool before breaking, threading the fiber onto 
the second spool by disposing a second fiber s 
guiding device on a side of the fiber, at the sec- 
ond inreaaing position, away Trom me secona 
spool, moving the second fiber guiding device 
to engage the fiber and move the fiber toward a 
rotational axis of the second spool, and taking 10 
the fiber from the second fiber guiding device 
with a second threading device that threads the 
fiber on the second spool. 

33. The method of Claim 31 , wherein the fiber is being is 
wound on one of the first and second spools, fur- 
ther comprising the steps of: 

when the ftoer is being wound on the second 
spool and has been wound to a desired extent, 20 
transferring the fiber onto the first spool by 
moving the distributor to dispose the fiber in a 
first spool transfer position, disposing a first 
fiber guiding device on a side of the fiber, at the 
first spool transfer position, away from the first 25 
spool, moving the first fiber guiding device to 
engage the fiber and move the fiber toward the 
rotational axis of the first spool, and taking the 
fiber from the first ftoer guiding device with a 
first threading device that threads the fiber on 30 
the first spool; and 

when the fiber is being wound on the first spool 
and has been wound to a desired extent.trans- 
ferring the fiber onto the second spool by mov- 
ing the distributor to dispose the fiber in a 35 
second spool transfer position, disposing a 
second fiber guiding device on a side of the 
fiber, at the second spool transfer position, 
away from the second spool, moving the sec- 
ond fiber guiding device to engage the fiber 40 
and move the fiber toward the rotational axis of 
the second spool, and taking the fiber from the 
second fiber guiding device with a second 
threading device that threads the fiber on the 
second spool. 45 
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